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Preface 
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 

Practice Centers (EPCs), sponsors the development of evidence reports and technology 
assessments to assist public- and private-sector organizations in their efforts to improve the 
quality of health care in the United States. The reports and assessments provide organizations 
with comprehensive, science-based information on common, costly medical conditions and new 
health care technologies and strategies. The EPCs systematically review the relevant scientific 
literature on topics assigned to them by AHRQ and conduct additional analyses when 
appropriate prior to developing their reports and assessments. 

Strong methodological approaches to systematic review improve the transparency, 
consistency, and scientific rigor of these reports. Through a collaborative effort of the Effective 
Health Care (EHC) Program, the Agency for Healthcare Research and Quality (AHRQ), the 
EHC Program Scientific Resource Center, and the AHRQ Evidence-based Practice Centers have 
developed a Methods Guide for Comparative Effectiveness Reviews. This Guide presents issues 
key to the development of Systematic Reviews and describes recommended approaches for 
addressing difficult, frequently encountered methodological issues.  

The Methods Guide for Comparative Effectiveness Reviews is a living document, and will be 
updated as further empiric evidence develops and our understanding of better methods improves. 
We welcome comments on this Methods Guide paper. They may be sent by mail to the Task 
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, 
Rockville, MD 20850, or by email to epc@ahrq.hhs.gov. 
 
Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H. 
Director Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality 
 
Stephanie Chang, M.D., M.P.H.  
Director and Task Order Officer  
Evidence-based Practice Program  
Center for Outcomes and Evidence  
Agency for Healthcare Research and Quality 
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Key Points 
• One hypothesis-testing study and numerous case examples indicate that operational 

criteria guiding the selection of studies into a systematic review (SR) or meta-analysis 
can influence the conclusions.  

• Assessments of how this source of bias can be reduced, or even the magnitude of the bias, 
are not available.  

• In the absence of conclusive evidence about how to reduce this potential for bias, we 
recommend that inclusion criteria be clearly described in detail sufficient to avoid 
inconsistent application in study selection and that inclusion criteria be documented in a 
protocol.  

• We propose hypothetical examples that illustrate how selection of inclusion and 
exclusion criteria may introduce bias. 

• Experience suggests that dual review can identify inclusion criteria that are not 
sufficiently clear and occasions where subjective judgment may differ. Gray literature 
(e.g., U.S. Food and Drug Administration [FDA] documents, trial registry reports) can 
help identify and possibly reduce bias from publication bias or selective outcome 
reporting.  
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Background 
Much has been written about the importance of various aspects of the conduct of a SR: how 

to best search computerized databases; whether or not reviewers should be masked to the authors 
and journals and outcomes of studies being reviewed; how to assess studies for the risk of bias; 
and the strengths and weaknesses of various different methods of statistically combining the 
results. The Methods Guide for the Agency for Healthcare Research and Quality (AHRQ) 
Evidence-based Practice Center (EPC) Program has chapters summarizing the literature and 
best-practices advice on numerous such aspects of a SR.1 

We are concerned here with the potential for bias at a point upstream in the SR process—
namely what is the effect of going from the initial question of interest (“what is the effect of 
intervention X on condition Y?”) to the operational aspects of the review (such as selecting 
inclusion/exclusion criteria). For example, in a recent Comparative Effectiveness Review on 
drugs to treat low bone density, the EPC identified nine prior meta-analyses evaluating the 
antifracture efficacy of alendronate compared with placebo or no treatment.2 The meta-analyses 
were published between 1997 and 2009, and included between them 17 randomized controlled 
trials (RCTs) published between 1994 and 2004. One might expect that all the trials included in 
earlier meta-analyses would be included in later meta-analyses, but this is not the case. One 
meta-analysis published in 2002 included 10 trials, while another published in 2004 included 
only 5: 4 were among the 10 trials in the 2002 meta-analyses, but 1 trial (published in 1998) was 
not. Some of the differences in trial inclusion could be explained by whether data were included 
on vertebral and nonvertebral fractures; whether nonvertebral fractures were treated as a general 
group; whether nonvertebral fractures were split out into fractures of the hip or wrist; or whether 
patient populations were considered as secondary prevention or as primary prevention. These 
differences in which trials were included led to differences in conclusions. In one meta-analysis,3 
the conclusion was that the decrease in nonvertebral fractures was not statistically significant. In 
another meta-analysis4 published 3 years earlier, the conclusion was that the beneficial effect of 
alendronate compared with placebo on nonvertebral fractures was statistically significant. All 
EPCs can tell similar stories.  

Conflicting conclusions confuse decisionmakers, especially if all reviews purported to 
answer the same question and the differences in the applicability of the evidence are not clearly 
denoted. Bias results from systematic alteration from the truth. Although we do not know the 
exact truth, different conclusions lead readers to believe that alternate inclusion and exclusion 
criteria result in biased conclusions. In order to investigate the potential for this source of bias 
and identify methods studies that investigate how best to reduce it, we searched for studies that 
examined two or more SRs of the same topic, evaluating the impact of variation in study 
inclusion. 

We found a very small number of relevant studies (Table 1).5-8 The most relevant example 
was a prospective study designed to examine reproducibility between two review groups (on 
different continents) commissioned to review evidence on the same question, using a common 
methods specification manual.8 While the manual outlined the important features of inclusion 
criteria, the specific criteria used by each group are not reported. Search terms were specified a 
priori, and the groups were instructed to find and include all study designs, including non-
English language, case series, ecological, cross-sectional, case-control, cohort, and intervention 
studies. Both review groups agreed on including 166 articles, but disagreed on 72 articles (Center 
A included 52 papers not included by Center B, and Center B included 20 papers not included by 
Center A). Sixty-three of the 72 discrepancies occurred in screening title and abstract; 9 of the 72 
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discrepancies occurred during review of full-text articles. Other similar retrospective studies also 
found differences in their lists of included studies and sometimes different conclusions (Table 1). 
Although the amount of evidence is small to confirm the presence of bias, the potential for bias is 
possibly quite large. 
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Table 1. Studies evaluating reasons for discrepancies in included studies among systematic reviews 
Study Study Aims Evaluation 

Hopayian K and Mugford M (1999) 
Conflicting conclusions from two 
systematic reviews of epidural 
steroid injections for sciatica: which 
evidence should general 
practitioners heed?6 

The aim of this study was to find the 
reasons for the discordance between 
two reviews focusing on use of 
epidural steroid injection for treatment 
of low back pain and sciatica and to 
draw conclusions for users of these 
reviews.  

Each review excluded two papers that the other included, both of which supported 
the ultimate conclusions of the review that included them. One of these studies 
was published in a non-English language journal and was excluded by one review. 
The other papers, however, were published in well-known journals. One of these 
papers was excluded from one review due to problems with extracting the data, 
while the other review was qualitative and did not require these data to come to a 
conclusion. The outcome measures included, and inclusion of non-English 
language papers account for at least some of the differences.  

Peinemann F, McGauran N, et al 
(2008). Disagreement in primary 
study selection between systematic 
reviews on negative pressure 
wound therapy.7 

The objective of this study was to 
compare systematic reviews on 
negative pressure wound therapy with 
regard to their agreement in inclusion 
of primary studies.  

The authors conclude that the reviews differed in inclusion of studies, primarily the 
inclusion of studies other than nonrandomized controlled trials. They indicate that 
the differences arise from differences in methodology, classification of study 
design, and style of reporting excluded studies.  
Our analysis of this example showed that included study designs varied among 
reviews. However, only one of the five reviews concluded that evidence supported 
the use of the treatment, while the others consistently found that the evidence was 
insufficient, largely due to concerns over quality. The review that found treatment 
to be effective had the broadest inclusion criteria with respect to study design and 
ultimately included 25 papers, compared with 14, 6, 6, and 7 included in the other 
reviews. 

Cook DH, Reeve BK, et al. (1996) 
Stress Ulcer Prophylaxis in 
Critically ill patients: resolving 
discordant meta-analyses.5 

This study aimed to resolve 
discrepancies in four previous 
systematic reviews and provide 
estimates of the effect of stress ulcer 
prophylaxis on gastrointestinal 
bleeding, pneumonia, and mortality in 
critically ill patients.  

From abstract: “The source of discrepancies between prior meta-analyses 
included incomplete identification of relevant studies, differential inclusion of non-
English language and nonrandomized trials, different definitions of bleeding, 
provision of additional information through direct correspondence with authors, 
and different statistical methods.”  
Our analysis of these reviews focused on the prevention of stress ulcer bleeding, 
as this outcome was common across the reviews. The definition of bleeding 
differed among reviews. Two more recent reviews came to very different 
conclusions that can be directly related to the inclusion criteria. One review 
included both randomized and “quasi-randomized controlled trials,” while the other 
review included randomized controlled trials with at least 10 subjects per arm 
published in a variety of languages. In this example, the difference in conclusions 
in appears to be related largely to inclusion of non-English language articles in 
one but not the other.  
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Other authors have addressed reasons for discrepant results from meta-analyses on the 
(seemingly) same topics.9,10 Ioannidis has examined multiple such scenarios and concluded that 
the reasons for discrepancy are typically multifactorial, but include differing study questions and 
inclusion criteria as well as differences in the process of applying the criteria in study selection. 
He gives examples of situations where inclusion criteria for meta-analyses were apparently 
specified in way that would obtain results that supported the viewpoints of the authors rather 
than reflecting questions of clinical uncertainty.9 

As part of the EPC Methods Guide, we intend that this paper will guide EPCs when selecting 
studies for inclusion in an SR. Guidance is intended to reduce inconsistencies and risk of bias. 
Unfortunately, because there are no available studies to guide us how best to reduce this 
variation, what follows is based on fundamental principles of SRs and the experience of the EPC 
program. 

Inconsistencies and bias can certainly occur during the development of key questions, which 
define the scope of the review and details the population(s), intervention(s), comparator(s), 
outcome(s), timing, and setting (PICOTS), and sometimes even the study designs or study 
characteristics of interest. The methods used by the EPC program at this earlier stage are 
discussed elsewhere.11 Likewise, we recognize that bias can also be introduced during the 
searching stage,12 or in how reviewers handle assessment of reporting biases,13 and guidance on 
these methods are provided elsewhere.11,12 This paper focuses on what to do with the literature 
once it is identified. We first describe the types of bias then stratify the guidance on addressing 
these biases into sections: Setting Inclusion Criteria to Avoid Bias in Selecting Studies, Study 
Selection Process, and Using Gray Literature to Assess and Reduce Bias. 
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Types of Potential Biases in Selecting Studies 
Spectrum Bias  

The inclusion or exclusion of a specific population can have a dramatic impact on the 
conclusions for the effectiveness of a treatment. For example, while one meta-analysis found no 
significant benefit of the invasive treatment for coronary artery disease over conservative 
treatment, a subsequent meta-analysis by invasive cardiologists found significant benefit with 
invasive treatment when they included patients with unstable angina, a population in which 
invasive management is known to be more beneficial.9 

Publication bias and outcome reporting bias can have implications for the conclusions of a 
review. Bias in selection of studies may overlap with these biases, but methods for avoiding 
them are addressed in other chapters.13,14 

Random Error 
Even when reviewers have a common understanding of the selection criteria, random error or 

mistakes may result from individual errors in reading and reviewing studies.  
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Guidance for Setting Inclusion Criteria To Avoid Bias 
in Selecting Studies 

Although setting inclusion criteria based on key questions may seem straightforward, the 
experience in the AHRQ EPC program has shown that this is often not the case. The AHRQ EPC 
program has an explicit process of systematic review development called Topic Refinement. Its 
goal is the development of inclusion criteria based on the Key Questions via a process that 
involves the review team and technical expert panel input.  

One of the main goals in developing inclusion criteria is to minimize ambiguity. Greater 
ambiguity in inclusion criteria increases the possibility of poor reproducibility due to many 
subjective decisions regarding what to include, potentially resulting in at least random error in 
study selection.  

The criteria should be set a priori and based on the analytic framework or conceptual model 
using a protocol.15-17 The benefits of using a protocol specific to SRs include improving 
transparency and rigor of SRs, and important to this chapter, reducing bias in study selection 
decisions. Requirements for SR protocols for reviews conducted by EPCs are currently 
undergoing further development in coordination with other organizations (e.g., Institute of 
Medicine and PROSPERO). The protocol should be based on a standard set of elements, publicly 
available, ideally through a SR Registry, (e.g. PROSPERO, www.crd.york.ac.uk/prospero/).  

However, there is a balance to be struck between making the inclusion criteria so narrow that 
it is unlikely that eligible evidence will be found and so loosely defined that it increases the 
possibility of poor reproducibility due to many subjective decisions regarding what to include. 
EPCs should attempt to strike this balance, but recognize that there will be times when their 
initial attempt is not working and changes need to be made. All eligibility criteria decisions 
should be reported transparently in the published SR. 

Selecting PICOTS Criteria 
In addition to random error from ambiguous definition of criteria, the selection of PICOTS 

inclusion or exclusion criteria can introduce systematic bias.  A systematic review starts with a 
broad comprehensive search and the choice of which studies to include can directly influence the 
resulting conclusions.  The EPC should carefully consider whether PICOTS criteria are effect 
modifiers and how inclusion and exclusion criteria may potentially skew the studies and thus 
results reported in the review.  

Table 2 below suggests potential implications or biases that may result from specific 
hypothetical examples of inclusion and exclusion criteria.   
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Table 2. Hypothetical examples of potential for bias based on inadequately defined PICOTs  
PICOTS 
Criterion 

Inclusion  
Criterion 

Potential for Bias in Selecting 
Studies for Review 

Possible Biased Result 

Population 

Population is 
described as 
patients with 
heart failure  

The reviewer may have to decide 
which classes of heart failure the 
question was meant to whether 
these different severities are meant 
to be combined or evaluated 
separately.  

Reviewer chooses to include only 
Class III and IV heart failure and finds 
that the intervention is effective, 
whereas conclusions on effectiveness 
may have been diluted if all severity 
classes had been included.  

Intervention 
Intervention 
described as 
anticoagulants  

Reviewer must make the decision on 
which interventions are considered 
anticoagulants; e.g., may combine 
oral and injectable anticoagulants. 

Combining oral and injectable 
anticoagulants may be inappropriate 
for short term effectiveness and harms 
and may overestimate benefits for oral 
anticoagulants and underestimate 
harms for short term effects. 

Comparator Not defined  

Reviewer makes choice among 
other interventions include in review, 
interventions excluded from the 
review, and how to handle placebo, 
or no treatment, groups.  

Reviewer includes only placebo or no 
treatment groups and concludes that 
the intervention is effective, whereas it 
may be less effective in comparison to 
existing interventions. 

Outcome 
Described as 
effectiveness 
outcomes  

Reviewers determine whether 
specific outcomes are in fact 
effectiveness. For example, 
cognitive testing using laboratory 
settings. 

Reviewers report information on 
intermediate or surrogate outcomes 
and fail to report lack of effectiveness 
outcomes, thus making the 
intervention seem more effective than 
if clinical outcomes are considered.

Timeframe Not defined  
Reviewers may report whatever is 
available in the literature, which may 
be short-term studies. 

Without prespecifying that long term 
outcomes are essential and only 
reporting short term outcomes, 
reviewers may overestimate 
effectiveness of treatment.  Also 
secular trends may mean that older 
studies may either over or under 
estimate the effect of an intervention 
depending on changes in standard of 
care, technology, or disease 
epidemiology. 

Setting Described as 
outpatient 

Reviewers must decide whether 
various settings are in fact 
outpatient, such as residential 
treatment programs. 

Patients in residential treatment 
programs may be patients with more 
severe symptoms or other 
comorbidities in which the intervention 
may be more or less effective. 
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Table 2. Hypothetical examples of potential for bias based on inadequately defined PICOTs 
(continued) 

PICOTS 
Criterion 

Inclusion  
Criterion 

Potential for Bias in Selecting 
Studies for Review Possible Biased Result 

Study Designs 
or Study 
Characteristics 

Randomization or 
allocation of 
treatment (RCT 
vs. observational 
studies) 

Reviewer decides to include RCTs 
only. 

Limitation to RCTs may be more likely 
to exclude certain types of 
interventions such as procedures or 
dietary/nutritional interventions, as 
well as studies reporting long term 
outcomes or harms. 

Quality or risk of 
bias of individual 
studies 

Reviewer decides to exclude low 
quality studies or those at high risk 
of bias. 

Studies conducted in nonacademic 
centers or with a null effect may be 
more likely to rate as “low quality” due 
to rejection from high impact journals. 
Exclusion of all low quality studies or 
those at high risk of bias may exclude 
large body of consistent studies that 
may yield valuable information on 
benefits or harms.  

Study size 

Reviewer decides to exclude RCTs 
less than 50 participants or 
observational studies less than 1000 
patients. 
 

Exclusion of small studies may 
exclude valuable information. 
Exclusion of small studies introduce 
bias such as by excluding studies 
conducted in nonacademic or urban 
populations which may have higher 
severity of disease, and overestimate 
effectiveness. 

English language Reviewer decides to exclude non-
English studies. 

Exclusion of non-English studies may 
exclude studies that found a null effect 
and thus overestimate effectiveness. 

Inclusion of 
necessary 
information 

Reviewer may exclude studies that 
do not report the primary outcomes 
listed. 

Studies may have measured 
outcomes, but not reported them in 
the studies due to null findings. 
Exclusion of these studies may 
overestimate effectiveness. 

PICOTS = population(s), intervention(s), comparator(s), outcome(s), timing, and setting; RCT = randomized controlled trial 

Population 
Inclusion criteria for the population(s) of interest should be defined in terms of relevant 

demographic variables, disease variables (i.e., variations in diagnostic criteria, disease stage, 
type, or severity), risk factors for disease, cointerventions, and coexisting conditions.18 For 
example, if an SR is focusing only on adult populations, then the inclusion criteria should specify 
the age range of interest. Ambiguity in population inclusion criteria increases the risk that 
inclusion decisions could be influenced by differing viewpoints about potential relationships 
between particular demographic or disease factors and outcome. Table 2 illustrates one such 
example of how inadequate description of inclusion criteria for a heart failure population may 
bias the results of SR. Inclusion criteria for population subgroups of interest should also be 
defined with similar specificity. 

Intervention and Comparators 
Although the Key Questions may frame the interventions in broad terms such as 

“anticoagulants,” it is essential for the inclusion criteria to specify exactly which individual 
interventions are of interest, including their duration and intensity. Otherwise, reviewers may end 
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up missing important interventions and thus overestimate or underestimate the effectiveness or 
harms of an intervention. This is particularly important in reviews of health care delivery 
programs that are less clearly defined. A review may examine a specific program as a whole, the 
component parts of a program, or the theoretical mechanism of action of a component part. 
Defining an intervention too narrowly may increase the confidence in effectiveness, but reduce 
the relevance of the finding for implementation in other settings. 

To enhance readability, key questions may not always define the comparison, which may 
introduce both random and systematic error. Without specifying the comparator, one reviewer 
may compare the effectiveness of anticoagulants to compression stockings, another may compare 
them to early walking, and yet another may compare it to other anticoagulants. Selection of a 
comparison of known poor effectiveness may systematically bias the effectiveness of the 
intervention away from the null, whereas poor specification and thus inappropriate combination 
of comparisons may result in an uninterpretable result. 

Outcomes 
Regardless of the topic, SRs should focus on assessing a range of patient-centered outcomes, 

including both benefits and harms. The scope of included outcomes should address both 
effectiveness and harms on which strength of the evidence will be graded.19 If intermediate 
outcomes are included they should be presented in context of how they relate to the clinically 
important harms and benefits (e.g., via an analytic framework) as outlined in the chapter of 
grading the strength of the evidence.19 When there are a large number of outcomes included, 
EPCs should specify a priori which clinically important outcomes they will grade the strength of 
evidence. Despite the temptation to exclude studies that only report a specific outcome (e.g., 
mortality), EPCs should be cautious since this may augment the risk of identifying studies that 
have selectively published only outcomes with positive results (selective outcome reporting 
bias).  

In order to reduce variation in study selection related to outcomes, we recommend that the 
inclusion criteria clearly identify and describe outcomes, outline any restrictions on measurement 
methods or timing of outcome measurement, and provide guidance for handling of composite 
outcomes. For clinical areas (such has pain and psychological functioning) that are notoriously 
characterized by variability in outcome measurement methods and a multitude of scales and 
instruments, the risk is greater for inconsistency in study selection. In these cases, it is especially 
important to consider how to handle this variation early in the SR process. The EPC may choose 
to restrict to specific measurement methods (i.e., only including studies that used measurement 
scales that have been published or validated), but need to consider what studies they will be 
eliminating and what effect this may have on the review. Study investigators that do not use the 
most commonly validated instruments may be systematically different from those that do. For 
example, investigators from different communities may use different instruments and systematic 
exclusion of these studies may exclude specific populations such as rural or small communities 
or nonacademic populations.  

Lack of specificity on other aspects of outcome measurement may also bias SR conclusions. 
For example where study reports include multiple time points for outcome measurement, but the 
SR inclusion criteria are not adequately specific about the relative importance of different time 
points, the choice of which to include or to emphasize is left to the reviewers. This scenario 
could lead to important differences in conclusions depending on which outcome-time point pair 
are selected for inclusion, particularly in a meta-analysis.10  
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Finally, it is ideal to consider individual outcome separately, rather than using composite 
outcomes. Composite endpoints are often difficult to interpret and may exaggerate the magnitude 
of treatment effect.20 EPC reviewers should consider specifying whether composite outcomes are 
of interest and, if so, whether there is a need to place any restrictions on which combinations of 
outcomes are acceptable (e.g. those with similar importance to patients and magnitude of 
treatment effect). Otherwise, there may be variation in selection of studies that, for example, do 
not separately report mortality and cardiovascular events. EPC review teams should rely on 
empiric research when available to form the basis of any decisions to limit study selection based 
on outcomes.  

Timeframe and Setting 
Setting inclusion criteria for timeframe (duration of study, years of study conduct, etc.) and 

setting may not apply to all clinical questions. Reviewers should identify the expected time 
period of study that would be needed to identify effectiveness on patient-important outcomes and 
harms. Lack of specification for the need for long-term studies may overestimate the effect on 
short term outcomes, while under-reporting the effect on long term outcomes. EPCs should 
clearly specify any decision to limit studies based on followup duration and define a priori the 
most relevant time periods for the interventions, populations, and outcomes of interest. When the 
focus of a SR is confined to a particular setting, such as a nursing home environment or 
residential treatment center, the inclusion criteria should include guidance for considering 
eligibility of studies that include commingled or ill-defined settings. Reviewers should consider 
how interventions may be different in settings such as nursing homes or other long-term care 
settings compared with general inpatient or outpatient settings and how inclusion or exclusion of 
these settings may systematically bias the conclusions. The criterion for study setting may also 
be considered when setting the selection criteria for population. 

Study Designs or Study Characteristics 
Due to time, budget, or resource constraints as well as concerns about the validity and 

relevance of the studies, reviewers often make decisions about excluding studies based on study 
design features (randomization or nonallocation of treatment), study conduct (quality or risk of 
bias of individual study), language of publication, study size, or reporting of relevant data. 

Observational studies make up the bulk of the published literature. EPCs should refer to the 
Methods guidance for when to include observational studies.21,22 However after deciding to 
include observational studies, EPCs need to take special care in developing and testing criteria 
for determining eligibility.4 Because of the lack of consensus on any single taxonomy for 
assigning labels to specific types of observational study designs,23 EPC teams should define 
study designs with sufficient clarity so that their reviewers can consistently and correctly 
determine if a given study is eligible. Exclusion of observational studies without careful 
consideration about whether these studies may provide information that would not be available 
from RCTs (i.e., long-term outcomes or harms and representative populations) may bias the 
review conclusions. 

Reviewers often include other study design or reporting characteristics as eligibility criteria. 
Reviewers may decide to restrict study inclusion based on sample size (e.g.,> 1,000 patients) or 
publication language (e.g., English language only). However, smaller studies or non-English 
studies may be systematically different from larger studies or English-language studies and 
limiting by these characteristics for convenience may introduce a systematic bias as well. For 
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example, in a review of surgical and pharmaceutical interventions, studies on surgical 
interventions may be smaller than studies on pharmaceuticals, thus biasing a review that 
excludes small studies to find evidence on drugs but insufficient evidence on surgical 
interventions. 

Typically such decisions are taken for reasons of time-efficiency. The assumption is that not 
employing such limits would yield a very large number of studies that would significantly 
increase workload without providing additional value in terms of high-quality evidence. Without 
empirical evidence relative to the topic area under review, it is not possible to rule out systematic 
bias. For example, the decision to use only English-language publications may be set because the 
review team does not have the ability to read other languages but the time and cost of translation 
are not feasible within the report timeline and budget. Studies of language restrictions in SRs 
have had variable results, from significant impact to very little impact, sometimes depending on 
the specific topic being studied.24-34 

The way that high risk of bias studies are handled in SRs also varies and may introduce bias. 
Once a study has been determined to have high risk of bias, options include outright exclusion; 
inclusion in evidence tables with or without inclusion in a narrative description of the evidence 
(possibly depending on whether the study constitutes the only evidence for a given intervention 
and/or outcome); or inclusion in quantitative analyses using weighting based on quality or 
sensitivity analysis. Including studies with a high risk of bias without appropriate weighting for 
their risk of bias may introduce bias in the SR. However, because assessments of risk of bias are 
never based entirely on empirical evidence, and are subjective by nature, outright exclusion of 
studies with high risk of bias may also introduce bias. Additionally, weighting in meta-analysis 
based on risk of bias assessments may introduce bias and has been shown to result in 
inconsistency.35 EPCs should be explicit about how such studies will be handled, a priori. If 
studies with high risk of bias are to be excluded in any way, they should be clearly identified in 
the text or in an appendix. Such transparency improves the likelihood that erroneous ratings of 
studies with high risk of bias can be identified.  

Study Selection Process 
Even with clear, precise inclusion criteria, elements of subjectivity and potential for human 

error in study selection still exist. For example, inclusion judgments may be influenced by 
personal knowledge and understanding of the clinical area or study design (or lack thereof). 

The study selection process is typically done in two stages; the first stage involves a 
preliminary assessment of only the titles and abstracts of the search results. The purpose of this 
step is to eliminate efficiently all obviously ineligible publications. The second stage involves a 
careful review of the full-text publications. 

Dual review—having two reviewers independently assess citations for inclusion—is one 
method of reducing the risk of biased decisions on study inclusion, as is recommended in the 
Institute of Medicine’s “What works in healthcare: standards for systematic reviews.”36 Some 
form of dual review should be done at each stage to reduce the potential for random errors and 
bias. Reviewers compare decisions and resolve differences through discussion, consulting a third 
party when consensus cannot be reached. The third party should be an experienced senior 
reviewer. The two stages of assessment are discussed in more detail below. Dual review can help 
identify misunderstandings of the criteria and resolve them such that the studies included will 
truly fulfill the intended criteria.  
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At the title and abstract stage, one alternative to 100 percent dual review is to have one 
reviewer accept the citations that appear to meet inclusion criteria and send them on to full-text 
review, with a second reviewer assessing only those citations and abstracts that the first reviewer 
deemed ineligible. Although there is currently no empiric evidence to support this method, we 
speculate that the sensitivity of the process is increased although the specificity may be 
somewhat reduced; the tradeoff is a potentially larger pool of full-text articles to review but a 
lower chance of having missed an eligible study. Additionally there is a risk of reviewer bias, 
with the second reviewer’s knowledge that the first reviewer had deemed the studies ineligible. 
A second reasonable alternative is to conduct dual review on a small percentage of the citations, 
insuring reliability of assessments before going on to have the remainder of citations assessed by 
a single reviewer. In this situation, we recommend that review teams start with a pilot phase, 
using screening forms based on the eligibility criteria, to screen a small number of studies (e.g., 
10 to 20 percent), followed by discussion such that variation in interpretation of how the 
inclusion criteria should be applied can be resolved early on. For this calibration process we 
suggest pairing a methodologist with a clinical expert if possible. For the stage of reviewing of 
full-text articles we recommend that EPCs undertake a complete independent dual review.  

Some experts assert that reviewers’ knowledge of the identity of the study authors, 
institution, or journal, or year of publication may influence their decisions and that masking of 
these factors might be useful.37,38 These assertions may be based on the findings of a randomized 
study conducted by Berlin, et al., where there was considerable disagreement between blinded 
and unblinded reviewers in selecting studies for meta-analysis in where reviewers were using the 
same inclusion criteria.39 However, the conclusions of this study were that masking “during 
study selection and data extraction had neither a clinically nor a statistically significant effect on 
the summary odds ratio” and that masking required 1.3 hours per paper. Hence, masking of 
reviewers to manuscript details is not routinely recommended.  

Testing of inter- or intra-rater reliability, using the kappa statistic is sometimes suggested as a 
necessary component of the dual review strategy. However, because the goal is to include the 
“right” studies and not necessarily to achieve perfect agreement, and using the usual dual review 
process should obviate the need for such testing, this approach is not generally recommended.  

Documenting and reporting all decisions made in the study selection process at the full-text 
level provides transparency that is essential in allowing independent assessment of the potential 
for bias by readers of SRs. SRs should include the numbers of studies screened, assessed for 
eligibility, and included in the review, ideally in the form of a flow diagram as recommended in 
the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement.17 

As a part of this transparency, SRs should include a listing of excluded studies, along with 
respective reasons for exclusion. The list of excluded studies is meant to document the reason 
that specific studies reviewed at the full-text level were excluded when a reader may reasonably 
think they might have been included. An example would be studies in which the population and 
interventions meet eligibility, but the study design or comparator does not.  

Using Gray Literature To Assess and Reduce Bias 
In reviewing gray literature documents, reviewers are seeking to identify unpublished studies 

and unpublished data supplemental to published studies. Just as excluding studies can cause 
systematic variation, different approaches to finding and including or using grey literature can 
also affect the studies included and thus the conclusions of a review. While there may be 
variation in definitions of gray literature in general, EPC guidance outlines the best practices for 
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identifying gray literature from regulatory data (e.g., the FDA), manufacturers, and other 
unpublished information such as abstracts or trial registries (see Table 3 for descriptions).12 At a 
minimum, knowledge of unpublished studies may lead the EPC to reduce their assessment of the 
strength of the body of evidence in the review because of the existence of grey literature may 
suggest evidence of publication bias.40 There is a risk that the gray literature identified has a high 
risk of bias; that the reason for lack of publication was due to flaws in the study rather than 
negative results. In some cases, enough information may be available for the reviewers to assess 
study quality and include the study in the SR. 

A review of original protocols (i.e., registered with clinicaltrials.gov) may identify selective 
reporting in the published literature for outcomes in which there is a positive result. 
Comprehensive searches for protocols and identification of selective outcome reporting may lead 
a reviewer to reduce their confidence in a positive finding. EPC reviewers should be alert to the 
possibility that the study measured and analyzed the outcome of interest, but did not report the 
finding due to a negative result. Gray literature helps to provide some fuzzy information on areas 
that were previously a blind spot in SRs of only published literature. 

Reviewing gray literature may be resource intensive, and it is not yet clear if or when the 
effort required is worth the potential benefit. Despite these limitations, the risk for selective and 
biased publication of studies makes the inclusion of gray literature a necessary component of 
high quality SRs until empirical evidence is available to provide further guidance. Given the 
complexity of gray literature and the likelihood that a given review may not be able to fully 
search and include all gray literature, we recommend that the review protocol define, a priori, the 
sources of gray literature (Table 3), and the eligibility criteria applied to them. The following are 
our recommendations for how to approach selecting studies from gray literature documents in a 
way that will minimize potential bias in selection of studies: 

1. Identify studies for the SR using standard search techniques first and become familiar 
with these studies before reviewing gray literature documents.  

2. Assess studies in gray literature documents for eligibility in the SR using the key 
questions and inclusion criteria as discussed above.  

3. As some sources of gray literature will have overlap with published literature, for 
example, FDA documents and trial registries, reviewers should match studies in gray 
literature documents based on characteristics such as unique study identifies, sample size 
(by group), and study duration, to those found in published literature to remove any 
duplicates. This information is sometimes readily available, but often matching is 
difficult. 

4. As with assessment of other types of evidence, dual review is a good way to guard 
against potentially biased inclusion decisions. Reporting on the inclusion of unpublished 
studies or data is important to ensure transparency and to identify areas about which 
EPCs have less confidence that the reporting is unbiased because the included 
information had not been published and, therefore, had not yet been vetted through a peer 
review process.  

5. If gray literature search uncovers studies that were not included in the published 
literature, EPC must consider whether the studies have sufficient data and are of 
sufficient quality to be included in the analysis. If not, then consider whether the presence 
of such studies suggests that the published literature is biased and should be 
“downgraded” for publication bias in assessing the strength of evidence. 
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Table 3. Sources of unpublished information for comparative effectiveness reviews 
Source Description 

FDA 
Documents 

Documents from the FDA are the reports written by FDA professional staff assigned to review a New 
Drug Application submitted by a pharmaceutical manufacturer when applying for FDA approval of a 
drug for a specific indication or set of related indications. Although FDA review documents have 
multiple parts, the two most relevant sections for the EPC review team are the medical reviewers’ and 
statistical reviewers’ reports. By reviewing these sections, the EPC may identify studies that they did 
not find through their published literature search and that may indicate the presence of publication or 
outcome reporting bias. Many of the FDA documents currently available are only scanned originals, 
meaning that EPCs cannot use software search functions on them; moreover, in some sections, the 
FDA may have redacted some material; finally, in addition to potentially relevant trials, these documents 
may also include studies that are not relevant to a SR (e.g., studies in healthy subjects). Nonetheless, 
they can provide data and analyses of Phase 2 and 3 trials that may be more extensive than are 
available in published manuscripts.  

Scientific 
Information 
Packets 

Through the SIPs,12 manufacturers may submit published and unpublished data from RCTs and 
observational studies relevant to clinical outcomes. For unpublished studies, manufacturers are asked 
to provide a summary that includes study number, study period, design, methodology, indication and 
diagnosis, drug dose and duration, inclusion and exclusion criteria, primary and secondary outcomes, 
baseline characteristics, numbers of patients screened/eligible/enrolled/lost to withdrawn/follow-
up/analyzed, and effectiveness/efficacy and safety results. For studies registered with 
ClinicalTrials.gov, the ClinicalTrials.gov identifier, condition, and intervention are also requested.  

Trial 
Registries 

Trial registries that contain results from trials registered, such as the ClinicalTrials.gov and 
Clinicalstudyresults.org, can be useful sources of information for reviewers. Because the study is 
registered at the beginning of the study, the intended primary outcome measures, sample size, and 
other trial characteristics are known prior to reading reports of results. While this can be very useful in 
identifying potential outcome reporting biases, these registries are also useful in identifying completed 
studies that have not yet been published, and data on outcomes that may not have been reported in 
the publications of the trial.  

EPC = Evidence-based Practice Center; FDA = U.S. Food and Drug Administration; RCT = randomized controlled trial;  
SIP = scientific information packet; SR = systematic review 

Because the studies in the FDA documents and trial registries are referred to by codes and 
because the publications of these studies may or may not also list these numbers, EPCs must 
often match up the studies using study characteristics (e.g., numbers of included patients, 
duration of study). Doing so allows reviewers to identify relevant unpublished studies or 
additional outcomes or and statistical analyses examined in a known study that had not been not 
reported in the published literature. This process, although lengthy, can help EPCs identify the 
full body of evidence that is relevant to the question and better identify or reduce bias in 
selection of studies. Comparing these documents to published manuscripts of the trials may also 
uncover changes in the definition the primary outcome or misrepresentation of the primary 
outcome.41 Dual review of gray literature documents is recommended when assessing relevance 
for potential inclusion into the review.  

EPCs may determine that unpublished, supplemental data from the documents in the 
scientific information packets (SIPs) pertaining to studies with publications may be appropriate 
for inclusion into their review. For example, subgroup analyses may be reported in SIPS that had 
not appeared in the published manuscript(s); however, EPCs do need to view these data with 
caution. EPC reviewers should have discussed and established a priori guidance on when to 
include specific types of unpublished data and how to handle such data when they are included. 
With respect to subgroup data or analyses, for example, the review team should define the 
clinically relevant subgroup populations (e.g., characterized by comorbidities and drug 
co-administration) during topic development and document them a priori in the inclusion criteria 
document. If SIPs present data on populations other than those identified as clinically relevant, 
then EPCs would not include them or include them only as hypothesis generating; alternatively, 
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EPCs may consider formally amending the inclusion criteria if clinical expertise indicates that 
noninclusion of these subgroups was an oversight. 
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Discussion 
Our review of the literature indicates that systematic bias and random error can potentially 

occur in the selection of studies for SRs. Methods exist to reduce the likelihood of both 
problems, as described in this chapter. Some aspects of potential bias in study selection overlap 
with considerations to reduce bias when defining the key questions (discussed in further detail by 
Whitlock, et al.11). Table 2 highlights some potential sources of bias that reviewers should 
consider when selecting inclusion and exclusion criteria. However these are only potential 
sources of bias and need further research to establish which may be more likely to introduce 
systematic bias into a review. Further, as this is likely topic specific, reviewers need to have a 
careful and considered approach in selecting inclusion and exclusion criteria. After selection of 
inclusion and exclusion criteria, reviewers should track the reasons for exclusions of studies and 
consider at the end whether exclusion of studies due to the reasons identified in Table 2 may 
have biased the study. The potential effect of excluding or combining studies on the results 
should be highlighted as a potential limitation in the Discussion section of the SR.  

A potential source of bias that was not addressed in this paper is the assessment and 
management of conflict of interest for authors, funders, and others with input into the SR 
process, including technical experts, key informants, and peer reviewers. The possible impact of 
conflicts is unknown at this time, but is the subject of future research, and is addressed in the 
Institute of Medicine’s Standards for Systematic Reviews.15 EPCs must be aware of not only the 
possibility of outcome reporting bias of individual studies, but also their own presentation of 
outcomes and how that may be introduce bias into the interpretation of findings. While some of 
these issues have been touched on in this paper, they are the subject of future research as well.  

EPC reviewers should explicitly consider how they handle the concept of “best evidence” in 
both inclusion and synthesis of studies. Even when studies technically meet all eligibility criteria, 
and are correctly identified for inclusion using rigorous assessment procedures, the level of 
contribution each eligible study will make to the body of evidence can vary importantly. 
Depending on the availability of the best possible evidence, EPCs may differ in the extent to 
which they use lower-strength evidence for a given SR. 

For example, when the evidence from randomized controlled trials that directly compare 
interventions has no obvious gaps, then the value of lower-strength evidence from observational 
studies, indirect comparisons from placebo-controlled trials, and pooled analyses of only a select 
number of studies is lower than it would be if the EPC reviewers did encounter such gaps. Thus, 
when gaps exist in the best possible evidence, the value of lower-strength evidence is greater. 
Reviewers must rely on their expert judgment as to what constitutes a gap in the best possible 
evidence and to what extent to report the lower-strength evidence. Systematic bias or random 
error can occur when EPCs do not clearly establish decision rules for utilizing lower-strength 
evidence.22 
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Conclusion 
In summary, EPCs should write the key questions and inclusion criteria in a way that 

provides their reviewers with detail sufficient to minimize variation in interpretation. Discussion, 
dual review, and practice will aid in reducing potential bias by establishing consistent 
interpretation of the criteria. EPCs should disclose the studies evaluated at the full-text level and 
determined to be ineligible and provide brief reasons for those exclusions.  

Reporting the steps taken to avoid bias in selecting studies, such as conducting dual review, 
tracing the resulting flow of studies through the review (e.g., PRISMA diagram), and reporting 
potentially relevant studies that were excluded (with reasons for their exclusion) in the SR is 
essential for transparency. Gray literature can provide evidence on publication bias and outcomes 
reporting bias; EPCs should use processes similar to those used with published literature in 
reviewing gray literature to avoid potential bias in selecting unpublished studies or data. 
Depending on the experience levels of the SR team members, the complexity of the clinical area, 
the size of the SR, and other factors, the exact approach to operationalizing the study selection 
process may vary somewhat from SR to SR. Below are some summary points to minimize 
various types of study selection bias. 

• Define inclusion and exclusion criteria by PICOTS clearly and in a protocol. Reduce 
ambiguity as much as possible. 

• Consider the risk of introducing spectrum bias when selecting populations. 
• Define interventions with specificity such that they are applicable to the intended user of 

the review. 
• Be cautious about excluding studies based on reporting of outcomes of interest. 
• Dual review can help reduce random error in applying inclusion and exclusion criteria 
• Examine grey literature for evidence of unpublished data or studies that may indicate the 

presence of publication bias or selective outcome reporting bias. Consider the risk of bias 
of this information before using the information in the review or to adjust the strength of 
evidence of the review. 
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